TCA cycle intermediates and particular ami-
no acids that support rapid growth rates of
Pseudomonas.

3) The avrB-Rpg1 interaction. Our studies
reveal that the HR-inducing ability of PsgO
has a rapid turnover time (approximately 10
min). Since it is unlikely that PsgO induces
the Rpgl gene and then interacts with its
product (or with the product of a pathway
downstream from the Rpg! gene product)
within 10 min, the Rpg? gene product and
the mechanism for avrB-specific recognition
probably exist in the plant before infection.

REFERENCES AND NOTES

1. H. H. Flor, Annu. Rev. Phytopathol. 9, 275 (1971).

2. B. Staskawicz, D. Dahlbeck, N. Keen, C. Napoli,
J. Bacteriol. 169, 5789 (1987).

3. M. J. Holliday, N. T. Keen, M. Long, Physiol. Plant
Pathol. 18, 279 (1981).

4. D. Mukherjee, J. W. Lambert, R. L. Cooper, B. W.
Kennedy, Crop Sci. 6, 324 (1966); T. V. Huynh, D.
Dahlbeck, R. Boerma, B. J. Staskawicz, unpublished
observations.

5. T. Kucharek and R. E. Stall, Proc. Soil Crop Sci. Soc.

Fla. 44, 174 (1985).
. P. J. Nielsen et al., J. Biol. Chem. 257, 12316
(1982).
. E. O. King, M. K. Ward, D. E. Raney, J. Lab. Clin.
Med. 44, 301 (1954).
8. T. V. Huynh and B. J. Staskawicz, unpublished
observations.
9. T. G. Lessiec and P. V. Phibbs, Jr., Annu. Rev.
Microbiol. 38, 359 (1984).

10. P. B. Lindgren, N. J. Panopoulos, B. J. Staskawicz,
D. Dahlbeck, Mol. Gen. Genet. 211, 499 (1988).

11. R. L. Green and G. J. Warren, Nature 317, 645
(1985).

12. D. Dahlbeck and B. J. Staskawicz, unpublished
observations.

13. N. T. Keen and M. J. Holliday, in Phytopathogenic
Prokaryotes, M. S. Mount and G. H. Lacy, Eds.
(Academic Press, New York, 1982), vol. 2, p. 179;
P. A. Barton-Willis, M. C. Wang, B. Staskawicz, N.
T. Keen, Physiol. Mol. Plant Pathol. 30, 187 (1987).

14. C. Grimm and N. J. Panopoulos, J. Bacteriol. 171,
5031 (1989).

15. C. W. Ronson et al., Cell 49, 579 (1987).

16. B. J. Staskawicz, D. Dahlbeck, N. T. Keen, Proc.
Natl. Acad. Sci. U.S.A. 81, 6024 (1984).

17. Z. Klement, Phytopathology 55, 1033 (1965).

18. U. K. Laemmli, Nature 227, 680 (1970).

19. S. Tamaki, D. Dahlbeck, B. Staskawicz, N. T. Keen,
J. Bacteriol. 170, 4846 (1988).

20. U. Riither and B. Miiller-Hill, EMBO J. 2, 1791
(1983).

21. D. E. Smith and P. A. Fisher, J. Cell Biol. 99, 20
(1984),

22. G. Ditta, S. Stanfield, D. Corbin, D. R. Helinski,
Proc. Natl. Acad. Sci. U.S. A. 77, 7347 (1980).

23. T.]J. Silhavy, M. L. Berman, L. W. Enquist, Experi-
ments With Gene Fusions (Cold Spring Harbor Labo-
ratory, Cold Spring Harbor, NY, 1984), p. 250.

24. J. H. Miller, Experiments in Molecular Genetics (Cold
Spring Harbor Laboratory, Cold Spring Harbor,
NY, 1972), p. 352.

25. P. B. Lindgren, R. C. Peet, N. J. Panopoulos, J.
Bacteriol. 168, 512 (1986).

26. C. Orser, B. J. Staskawicz, N. J. Panopoulos, D.
Dahlbeck, S. E. Lindow, ibid. 164, 359 (1985).

27. P. B. Lindgren et al., EMBO J. 8, 1291 (1989).

28. We thank N. Panopoulos, P. Lindgren, A. Theolo-
gis, M. Whalen, P. Zambryski, A. Jackson, and J.
Nathans for helpful discussions. T.V.H. is a Mon-
santo Fellow of the Life Sciences Research Founda-
tion. Supported by U.S. Department of Agriculture
grant 86-CRCR-1-2086 and U.S. Department of
Energy grant DE-FG03-88 ER13917 to B.J.S.

N

17 January 1989; accepted 27 June 1989

22 SEPTEMBER 1989

The RNA Processing Enzyme RNase MRP Is
Identical to the Th RNP and Related to RNase P

Heip1 A. GoLp, JAMES N. TorPPER, DAVID A. CLAYTON, JOE CRAFT

Sera from patients with autoimmune diseases often contain antibodies that bind
ribonucleoproteins (RNPs). Sera from 30 such patients were found to immunopre-
cipitate ribonuclease P (RNase P), an RNP enzyme required to process the 5’ termini
of transfer RNA transcripts in nuclei and mitochondria of eukaryotic cells. All 30 sera
also immunoprecipitated the nucleolar Th RNP, indicating that the two RNDPs are
structurally related. Nucleotide sequence analysis of the Th RNP revealed it was
identical to the RNA component of the mitochondrial RNA processing enzyme known
as RNase MRP. Antibodies that immunoprecipitated the Th RNP selectively depleted
murine and human cell extracts of RNase MRP activity, indicating that the Th and
RNase MRP RNPs are identical. Since RNase P and RNase MRP are not associated
with each other during biochemical purification, we suggest that these two RNA
processing enzymes share a common autoantigenic polypeptide.

ATIENTS WITH SYSTEMIC AUTOIM-

mune diseases, such as systemic lupus

erythematosus (SLE), make autoanti-
bodies, which are directed against a variety
of intracellular structures. The most com-
mon targets of these autoantibodies are ri-
bonucleoproteins (RNPs) and components
of chromatin (7). Although the precise
mechanisms leading to the genesis of auto-
antibodies are not known, they have served
as useful probes to elucidate the structure
and function of their intracellular targets.
For example, autoantibodies directed
against the polypeptide components of the
Ul RNP and the related U-series RNPs
were crucial tools in the elucidation of the
structure of these molecules and their role in
the splicing of pre-messenger RNA (2).

Sera from certain patients with systemic
autoimmune diseases have recently been
shown to contain antibodies to ribonuclease
P (RNase P) from HeLa cells (3). RNase P,
one of the best characterized RNA process-
ing enzymes, is an endoribonuclease that
processes all precursor tRNA transcripts to
generate their mature 5’ termini (4). Studies
of RNase P from prokaryotic sources have
demonstrated that the enzyme has a catalytic
RNA and a protein subunit (thus, an RNP)
().

Sera that contain antibodies to RNase P
from HeLa cells were found to immunopre-
cipitate an RNA of ~400 nucleotides from
crude cell extracts and from extracts of par-
tially purified RNase P (3). This RNA
(called H1 RNA) is the only RNA that
copurifies with RNase P activity, strongly
suggesting that H1 RNA is the RNA com-
ponent of RNase P (6). In addition, the
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Medicine, New Haven, CT 06511.

J. N. Topper and D. A. Clayton, Department of Devel-
opmentaf Biology, Stanford University School of Medi-
cine, Stanford, CA 94305.

majority of these autoimmune sera immuno-
precipitated a second, smaller RNA species
of approximately ~300 nucleotides named
Th RNA [after the patient whose serum first
immunoprecipitated it from cell extracts
(7)]. Subsequent studies with this prototype
serum and with a second serum of the same
specificity demonstrated that the Th RNA
was bound to at least one unidentified au-
toantigenic polypeptide (the RNA itself was
not antigenic) and was identical to a previ-
ously described nucleolar 7-2 RNA (§).
Indirect immunofluorescence and electron
microscopy studies have confirmed the nu-
cleolar location of the Th RNP with the
antigenic polypeptide or polypeptides locat-
ed in the granular region (8, 9).

We have now identified 30 patients with
autoimmune diseases whose sera immuno-
precipitate the Th RNA from crude cell
extracts labeled in vivo with [**P]ortho-
phosphate. Serum samples from nine of
these patients, including the prototype Th
serum, have been described previously (3, 7,
8). All 30 sera also immunoprecipitated the
H1 RNA of RNase P; representative sam-
ples are shown in Fig. 1. Twenty-five of
these sera only immunoprecipitated the Th
and H1 RNAs (for examples, see lanes 8 to
15 of Fig. 1), while the remaining five
contained additional specificities (see lanes 7
and 16). When extracts were deproteinized
with phenol or proteinase K, no RNAs were
immunoprecipitated. These data strongly
suggest that these two RNAs share one or
more polypeptides or are physically associat-
ed.

The relationship between the RNase P
and Th RNPs was examined more closely by
sequencing the immunoprecipitated Th
RNA. Th RNA is ~80% homologous with
the RNA component of mouse mitochon-
drial RNA processing enzyme (RNase
MRP) (10) and identical to the RNA com-
ponent of human RNase MRP (11) (Fig. 2).
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RNase MRP makes an endoribonucleolytic
cleavage in mitochondrial primer RNA that
is believed to be involved in the replication
of mitochondrial DNA. The sequence iden-
tity between Th RNA and RNase MRP
RNA indicates that the Th RNA is the RNA
component of RNase MRP. To confirm
that the Th RNP is RNase MRP, antibodies
that immunoprecipitated the Th RNP from
crude cell extracts were used in immuno-
precipitation experiments. These antibodies
selectively depleted RNase MRP enzyme
from mitochondrial extracts of human cells
(Fig. 3). Similarly, these antibodies also
inhibited RNase MRP activity from nuclear
extracts of human cells and mitochondrial
and nuclear extracts of mouse cells. Since the
immunoprecipitates contain Th RNA (12),
these experiments demonstrate that Th
RNA is the RNA component of RNase
MRP.

The inhibition of RNase MRP enzymatic
activity by antibodies that immunopre-
cipitate Th RNP supports the idea that these
two RNPs are identical and suggests that
the mitochondrial RNP bears the autoanti-
genic polypeptide found in the nucleolus.
Antibodies that immunoprecipitated Th
RNA and inhibit RNase MRP enzymatic
activity did not stain mitochondria in indi-
rect immunofluorescence (13); however, the
antigenic polypeptide in mitochondria may
be inaccessible to antibodies, present in in-
sufficient copy number, or perhaps altered
by cell fixation techniques that prevent it
from being detected in this assay. Similar
factors may also explain why we have previ-
ously noted in indirect immunofluorescence
experiments that autoantibodies that inhibit
processing of HeLa RNase P do not clearly
stain human cell nuclei, where this enzyme
resides.
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Fig. 1. Immunoprecipitation of Th and RNase P RNPs with sera from patients with autoimmune
diseases. Cell extracts labeled with [**P]orthophosphate were prepared and immunoprecipitations were
carried out as previously described (17). After washing the immunoprecipitates, bound RNAs were
extracted, precipitated, fractionated on 5% polyacrylamide and 7M urea gels, and detected by
autoradiography. Precipitates were obtained with sera from normal volunteers (lanes 2 and 5); from
patients with anti-Sm (lane 3), anti-U3 RNP (lane 4), anti-Ro (lane 6), and anti-5.8S RNA (lane 17)
antibodies; and from ten sera that immunoprecipitated the Th and RNase P RNPs (lanes 7 to 16). Two
of the latter sera also had other antibody specificities; anti-Ro (lane 7) and anti-La (lane 16). The serum
used in lane 7 is the prototype Th serum. The positions of the Th and H1 RNAs are shown in
comparison to other cellular RNAs. DNase treatment of cell extracts removed the upper bands present
in all the lanes. Twenty other sera that immunoprecipitated the H1 and Th RNAs were also identified
and included three sera with other autoantibody specificities: one serum immunoprecipitated Ro
RNAs, one immunoprecipitated Ul and Ro RNAs, and one immunoprecipitated U3 RNA.
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Since autoantibodies immunoprecipitate
H1 RNA and the Th RNA (RNase MRP
RNA) in tandem, their sequences were
searched for conserved sequence elements to
which a common autoantigenic polypeptide
might bind. Such a comparison between
HeLa H1 RNA and murine and human
RNase MRP RNA shows that, although
these RNAs are distinct, they do contain
small blocks of conserved sequences, which

. could serve as a common polypeptide bind-

ing site (Fig. 4). Most notable are the
conserved sequences in positions 149 to 163
in H1 RNA and positions 242 to 263 in the
RNase MRP RNA, where a sequence of
nine nucleotides is identical. All four of
these conserved sequence elements are
found in similar stem structures in both H1
RNA (6) and RNase MRP RNA (11).
Conserved sequence element II exhibits a
striking similarity to the site on M1 RNA
where C5 protein binds (14). When the
conserved sequence element II from H1 and
RNase MRP RNA is compared with the C5
protein binding site on M1 RNA, a consen-
sus sequence of GGG% ARG is obtained.
The sequences of the corresponding RNAs
from other organisms will help determine
whether these conserved sequence elements
are functionally significant.

Sera that immunoprecipitate H1 and
RNase MRP RNAs bring down at least
seven polypeptides from HeLa cells labeled
in vivo with [**S]methionine (13). It will be
important to identify the antigenic protein
or proteins and determine its binding sites
on the RNA components of RNase P and
RNase MRP.

The RNA component of mitochondrial
RNase MRP is transcribed from a nuclear
gene with subsequent transport to the mito-
chondria, where it functions as an RNP with
as yet unidentified polypeptide components
that are essential for function (10). Although
RNase MRP isolated from the nucleus can
cleave a mitochondrial RNA substrate, the
substrate for the enzyme in the nucleus has
not been identified. Since the Th RNP and
RNase MRP are the same, it follows that
RNase MRP is localized to the granular
region of the nucleolus. This region of the
nucleolus is the site where pre—ribosomal
RNA is processed, and it seems reasonable
to prepose that RNase MRP is involved in
pre—ribosomal RNA processing events.

The co-immunoprecipitation of the RNA
component of RNase P (H1 RNA) and the
RNA component of RNase MRP (Th
RNA) argues that these two site-specific
endoribonucleases share some important
features such as an antigenic polypeptide. It
seems less likely that autoimmune sera that
immunoprecipitate both RNAs contain two
different antibody specificities, since the
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Fig. 2. Sequence comparison of Th
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phoresis on cellulose acetate paper.
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deoxynucleotides to sequence to RNascs MRPRNA(M) CACGGGGCUC[EHAUUCUCAGCGCGGCURK

the 5’ end of Th RNA. The se-

quences of the RNA components of RNase MRP from human (1) and
mouse cells (10) are shown on the second and third lines, respectively. All
nucleotides that are different from those in Th RNA are shown in boxes.
Ambiguous nucleotides in the Th sequence are indicated by parentheses. The
absence of a nucleotide at that position in the sequence is indicated by a dash.
The GU at the 3’ terminus of Th RNA was not detected at the end of RNase
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Fig. 3. Immunoprecipitation of RNase MRP
activity. Antibodies were coupled to protein A—

harose, and depletion experiments were as
described (3). The assay for RNase MRP activity
was done with murine mitochondrial 270-nucleo-
tide RNA substrate and RNase MRP isolated
from human mitochondria purified through the
glycerol gradient step as described (10, 11). Posi-
tion of the cleavage product is indicated by an
arrow. (Lane M) Hpa II fragments of pBR322;
(lane 1) substrate alone; (lane 2) mock immuno-
precipitation of RNase MRP (no antibodies were
coupled to the protein A-Sepharose); (lane 3)
immunoprecipitation with a normal human se-
rum; (lane 4) immunoprecipitation with an anti-
Ro serum; (lanes 5 and 6) two patients’ sera that
immunoprecipitated the Th and RNase P RNPs
coupled to protein A—-Sepharose.
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HeLa cells (Th RNA).

Fig. 4. A sequence compari-
son of H1l RNA with
RNase MRP RNA (Th
RNA). The RNA sequences
from H1 RNA (from HeLa
cells) and RNase MRP
RNA (from mouse and hu-
man cells) were searched for
conserved  sequence ele-
ments that contained at least
eight of nine identical nucle-
otides. The alignment of
conserved nucleotide  se-
quences in these RNAs are
shown. An R indicates a pu-
rine and a Y indicates a py-
rimidine at that position.
Purine-to-pyrimidine  sub-
stitutions and nucleotide in-
sertions are indicated by a -
and [ indicates a change in
this position in the murine

H1RNA

RNase MRP RNA

H1 RNA

RNase MRP RNA

H1RNA

RNase MRP RNA

MRP RNA by S1 protection experiments (11), although these are the next
two nucleotides in the genomic sequence. The differences (four nucleotides)
between the sequence of the Th RNA and the human RNase MRP RNA are
most likely due to ambiguities in RNA sequencing or polymorphisms in the
genes for the RNA from human placenta (RNase MRP RNA) and from

149 163
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sequence. The first and last nucleotide of the conserved sequence elements are numbered to indicate
their corresponding nucleotide positions in the respective RNAs.

known sets of linked autoantibodies do not
exhibit this degree of co-occurrence (1). It is
likely that RNase P and RNase MRP share a
common autoantigenic polypeptide, rather
than being physically associated, since these
enzymes do not copurify by classical bio-
chemical methods. During the purification
of HeLa RNase P, only H1 RNA and not
Th RNA copurifies with RNase P enzymat-
ic actvity (6). Similarly, only Th RNA

copurifies with RNase MRP enzymatic ac-
tivity (10). In addition, both enzymes can be
immunoprecipitated separately from partial-
ly purified enzyme extracts (Fig. 4) (3),
demonstrating that each enzyme contains
the antigenic epitope.

RNase P and RNase MRP share several
features, some of which may be explained by
a common polypeptide. The enzymes have
some similar biochemical properties; that is,

REPORTS 1379



both are RNPs, both bind to anion-ex-
change columns (although they elute at dif-
ferent ionic strengths), and both sediment as
a 158 particle in glycerol gradients (6, 10).
Furthermore, RNase P and RNase MRP are
both RNA processing enzymes that make a
single endoribonucleolytic cleavage in their
RNA substrates, a function that could be
dependent on a common polypeptide. In
addition, both H1 RNA and RNase MRP
RNA have a site, approximately in the mid-
dle, at which cleavage occurs (6, 10). Wheth-
er a common polypeptide component of
RNase P and RNase MRP is responsible for
creating a labile phosphodiester bond and
possibly cleaving that bond remains to be
determined. It will be important to ascertain
the function of the full-length versus the
cleaved RNA species in each of these en-
zymes. Several other RNAs may be cleaved
and remain functional (15, 16).

Both RNase P and RNase MRP are pre-
sent in the nucleus and mitochondria of
mammalian cells and, at least in the case of
RNase P, are known to have the same
function in both locations. Since RNase
MRP is transported to the mitochondria
(10), it is possible that RNase P is also
transported to the mitochondria and that a
common protein is responsible for mito-
chondrial targeting of these enzymes.
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Synergism Between HIV gp

120 and

gp120-Specific

Antibody in Blocking Human T Cell Activation

ROBERT S. MITTLER AND MICHAEL K. HOFFMANN*

The human immunodeficiency virus (HIV) binds to CD4-positive cells through
interaction of its envelope glycoprotein (gp120) with the CD4 molecule. CD4 is a
prominent immunoregulatory molecule, and chronic exposure to antibody against
CD4 (anti-CD4) has been shown to cause immunodeficiency in mice. T cell-
dependent in vitro immune responses can also be inhibited by anti-CD4. Experimental
findings reported here indicate that CD4-bound gp120 attracts gpl120-specific anti-
bodies derived from the blood of HIV-seropositive individuals to form a trimolecular
complex with itself and CD4. Thus targeted to CD4, the gpl20-specific antibody
functions as an antibody to CD4; it cross-links and modulates the CD4 molecules and
suppresses the activation of T cells as measured by mobilization of intracellular calcium
(Ca}*). The synergism between gpl20 and anti-gp120 in blocking T cell activation
occurs at low concentrations of both components. Neither gpl20 nor anti-gp120
inhibits T cell activation by itself in the concentrations tested.

HE CD4 RECEPTOR EXPRESSED ON

lymphoid cells is an immunoreg-

ulatory molecule through which the
immune system regulates its function (1, 2).
Antibody reactive with CD4 suppresses T
cell-dependent immune responses in vitro
and in vivo. HIV, thought to be the caus-
ative agent of acquired immunodeficiency
syndrome (AIDS), is a ligand of CD4; the
virus uses CD4 as receptor to facilitate its
entry into cells (3-5). The possibility has
been considered that, through its interaction
with CD4, HIV may influence the host’s
immune response. After ligation with the
viral envelope glycoprotein gpl120, CD4 can
activate or suppress the function of T cells
(6, 7). CD4 may undergo phosphorylation
as a consequence of its ligation with gp120
)

HIV-induced pathology becomes mani-
fest after the virus engages the immune
system. We speculated that the immune
system may participate in the pathogenesis
of AIDS and play a contributory role in its
own destruction. We report experimental
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M. K. Hoffmann, Sloan-Kettering Institute, New York,
NY 10021.
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evidence to support this speculation. We
show that through its interaction with CD4,
gpl20 may target the CD4 receptor for
antibody that the virus has induced in its
host. HIV-specific antibodies can thus react
indirectly with the CD4 receptor and, like a
typical CD4-reactive antibody, may block an
early step in the T cell receptor-mediated
activation of gpl20-laden CD4 lympho-
cytes.

The basic experiment to demonstrate a
synergism between gpl20 and immuno-
globulin (Ig) isolated from an AIDS pa-
tient’s serum in blocking T cell activation is
shown in Fig. 1. Human peripheral blood T
cells enriched for CD4" cells were treated
with an antibody reactive with a monomor-
phic determinant of the T cell antigen recep-
tor (T1). This antibody, WT/31, activates T
cells to proliferate when immobilized on a
solid support (9) and can induce them to
mobilize intracellular stores of Ca?* when
cross-linked with a second antibody, anti-
mouse IgG (Fig. 1A). T cells failed to
mobilize intracellular calcium when treated,
before stimulation with WT/31, with gp120
and the serum IgG fraction from an HIV-
seropositive individual (Fig. 1B). Neither
treatment with gpl120 alone nor treatment
with IgG from an HIV patient alone had an

inhibitory effect on intracellular Ca>* mobi-
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